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ABSTRACT 
With increasing rate of shipping traffic, the risk of collisions in busy and congested port 
waters is likely to rise. However, due to low collision frequencies in port waters, it is difficult 
to analyze such risk in a sound statistical manner. A convenient approach of investigating 
navigational collision risk is the application of the traffic conflict techniques, which have 
potential to overcome the difficulty of obtaining statistical soundness. This study aims at 
examining port water conflicts in order to understand the characteristics of collision risk with 
regard to vessels involved, conflict locations, traffic and kinematic conditions. A hierarchical 
binomial logit model, which considers the potential correlations between observation-units, 
i.e., vessels, involved in the same conflicts, is employed to evaluate the association of 
explanatory variables with conflict severity levels. Results show higher likelihood of serious 
conflicts for vessels of small gross tonnage or small overall length. The probability of serious 
conflict also increases at locations where vessels have more varied headings, such as traffic 
intersections and anchorages; becoming more critical at night time. Findings from this 
research should assist both navigators operating in port waters as well as port authorities 
overseeing navigational management. 
 
 
1. INTRODUCTION 
 
Navigational collisions are one of the growing safety concerns in many seaports. With 
increasing demand of waterborne transport, the shipping traffic has been greatly increased 
in size and numbers over the past decades (Soares and Teixeira, 2001). This increase is 
likely to result in increased traffic movements within busy seaports, which in turn could 
increase collision likelihood (Debnath and Chin, 2007). From analysis of accidents in 
seaports, it is seen that collisions account for a substantial portion of major shipping 
accidents, as reported by a number of researchers (e.g., Yip, 2007; Darbra and Casal, 2004; 
Q. Liu et al., 2006; C.-P.Liu et al., 2006; Akten, 2004). 
To address this safety concern, some recent studies (e.g., Ronza et al. 2003; Darbra 
and Casal 2004; Yip 2007) have focused on investigating relationships between accidents 
and vessel particulars, crew injuries or fatalities, and their characteristics. However, since 
port water collisions are relatively low in number, most of the studies lack sound statistical 
significance in their obtained results. In order to overcome the low sample problem, Debnath 
and Chin (2006) suggested the use of the traffic conflict techniques in port navigational 
safety research. Since conflicts occur considerably more frequently than collisions, it is 
possible to obtain a larger database within a shorter period of time. For this reason, the 
conflicts have great potential to be used as an alternative to the collision statistics in port 
navigational safety research. 
This paper aims at examining port water conflicts in order to understand the 
characteristics of collision risk with regard to vessels involved, conflict locations, traffic and 
kinematic conditions. A hierarchical binomial logit model, which considers the potential 
correlations between observation-units (i.e., vessels) involved in the same conflicts, is 
employed to evaluate the association of explanatory variables with conflict severity levels. In 
the rest of the paper, a systematic method of measuring navigational conflicts is presented 
first, followed by discussion on the formulation and assessment process of a hierarchical 
binomial logit model. Estimation results of the model are discussed then before providing 
concluding remarks. 
 
2. MATERIALS AND METHODS 
 
2.1 Measurement of Navigational Conflicts 
Navigational conflict (NC) is defined as a critical incident that poses risk of collision but not 
necessarily involve a collision. It can be measured quantitatively from interpretations of traffic 
kinematic data, such as vessels’ position vectors and speed vectors. In this paper, two 
conflict measures representing spatial and temporal closeness between a pair of vessels are 
employed to measure NCs. The spatial measure, distance at closest point of approach 
(DCPA), is the probable distance between two vessels at their closest point of approach 
(CPA). On the other hand, the temporal measure, time to closest point of approach (TCPA), 
is the time required to reach CPA from present positions of vessels. The measures are 
independent of the criteria that the vessels should be on a collision course, thus they are 
capable of measuring any types of NCs, such as meeting/head-on, crossing, overtaking, or 
hitting a stationary vessel. Furthermore, these can be easily calculated from vessels’ position 
vectors and speed vectors. The DCPA and TCPA have been employed in on-board 
navigation and navigational research for many years. Navigators make use of these 
parameters in order to assess collision risk during on-board navigation. These are also used 
in navigational studies of different aspects, such as development and evaluation of 
navigational support systems (e.g., Sato and Ishii, 1998; Pedersen et al., 2003; Q. Liu et al., 
2006), traffic density analysis (Merrick et al., 2003) and ship domain analysis (Zhu et al., 
2001; Szlapczynski, 2006). The measures could be employed to measure NCs effectively. 
Suppose, vessels i and j are approaching to each other from their current positions 
( , )i ix y  and ( , )j jx y  at speeds of ( , )i ix y   and ( , )j jx y   respectively. By employing 
kinematics, DCPA and TCPA can be derived as: 
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Since higher values of DCPA and TCPA represent a safer interaction in terms of 
involved collision risk, their smallest values would associate with the most severe situation, 
i.e., critical conflict point, in a NC. However, both of the smallest values may not be obtained 
at a particular time instance in a conflict process as the measures are independent of each 
other. Therefore, a risk function is necessary to represent collision risk as a function of the 
measures. Such a risk function is adopted (Debnath and Chin, 2008) in this paper: 
 
( ) 0.2846 0.1298ijC t DCPA TCPA= × + ×         (3) 
 
where ( )ijC t  is collision risk for a pair of vessels i and j at time t; DCPA and TCPA are 
expressed in terms of cable lengths and minutes respectively. The ( )ijC t  expresses collision 
risk in terms of safeness, i.e., a higher value of ( )ijC t  represents a safer interaction. 
To measure the severities of NCs, DCPA, TCPA and ( )ijC t  are estimated at regular 
intervals of time throughout the conflict processes of all pairs of vessels. The smallest ( )ijC t  
value and the corresponding DCPA and TCPA values are obtained to represent the critical 
conflict point for each interaction. In order to omit the non-conflict interactions it is necessary 
to discard the interactions featuring negative TCPA values. Furthermore, the measurement 
of ( )ijC t  should be truncated at some point to eliminate the interactions, where vessels are 
reasonably far apart. To define the truncation point, the ship domain (SD) concept can be 
employed. The SD is the surrounding effective waters around a vessel that a pilot wants to 
keep clear of others (Goodwin, 1975). Therefore, vessel interactions, where distances 
between them are higher than their SD radius, can be truncated. In this paper, a 3 Nautical 
Mile SD radius (Debnath and Chin, 2008) is used for this purpose. 
While the DCPA and TCPA values at critical conflict points are obtained for all 
possible pairs of vessels in a waterway, the serious conflicts or near-misses can be identified 
by setting suitable threshold values (Debnath and Chin, 2006). The threshold values of 
DCPA and TCPA are chosen as 1 cable length and 2 minutes respectively. If the DCPA and 
TCPA of a vessel interaction are lower than the corresponding thresholds, then the 
interaction is considered as a serious conflict, else it is considered as a low-risk conflict. 
 
2.2 Hierarchical Binomial Logit Model 
 
2.2.1 Model Formulation 
In the presence of within-panel correlation of response variable, it is necessary to consider 
the hierarchical data structure in statistical modeling. Since the vessels involved in a 
particular conflict share similar characteristics of locations, traffic and kinematic conditions, 
the potential within-conflict correlations should be considered in modeling. Therefore, a 
hierarchical model with two level specifications is necessary, where different vessels (at 
level-1) are involved in same conflicts (at level-2). Furthermore, the conflicts are expressed 
as two states of severities: serious conflicts (qk = 1) and low-risk conflicts (qk = 0), thus 
suggesting a binomial model. Therefore, a hierarchical binomial logit model (HBLM) is 
considered in this study. 
In the HBLM, the probability of a serious conflict, ( ) ( )1kq p q rπ = = =R , is 
assumed to be linear to ωR  in terms of its logit: 
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where ω  and R  are the set of regression coefficients and explanatory variables 
respectively; ku  is the unobserved random effect of conflict observation k; kvε  is the random 
error term associated with vessel v in conflict observation k. This conflict specific random 
effects, ku , is assumed to follow a normal distribution with mean zero and variance 
2
uσ . The 
kvε  is assumed to be distributed logistically with mean zero and variance 
2 3π . 
 
2.2.2 Model Assessment 
In order to examine the degree of correlations among level-1 observations belonging to the 
same level-2 units, the intra-class correlation coefficient (ICC) is usually used (Snijders and 
Bosker, 1999). It is expressed as the proportion of level-2 variance in total residual variance, 
which is: 
 
2
2 2 3
u
u
σ
ρ
σ π
=
+
           (5) 
 
The ICC is an indicator of the magnitude of within-conflict correlation. A value of ρ  
close to zero indicates that there is very small variation between different conflicts, which 
implies that an ordinary binomial logit model would be adequate for the data. On the other 
hand, a relative large value of ρ , significantly different from zero, implies a favor for HBLM.  
 
2.3 Dataset for analysis 
Traffic kinematic data, obtained from the vessel traffic information system (VTIS) database of 
the Port of Singapore, are used in this study. This data provides information about the 
trajectories of vessels plying and anchored within the port area along with other kinematic 
information (e.g., speed, heading etc.) and geometric attributes of the vessels. Such data of 
seven hour time periods accounting variability in time and traffic characteristics are used. 
A total of 10 explanatory variables, expressing characteristics of vessels involved, 
conflict locations, traffic and kinematic conditions, are included in the model. The vessel 
attributes include gross tonnage, length overall and draft, which are categorized to different 
classes. Conflict locations are classified as fairways, anchorages and traffic intersections. 
Traffic characteristics include dynamic ship density, stationary ship density and traffic 
operating speed in waterways. Hourly average values of the traffic characteristics are 
obtained from the VTIS data. Kinematic conditions at critical conflict points are explained by 
speed of the vessel involved and number of underway vessels. Speed data are categorized 
to four categories while the number of underway vessels is explained by a binary variable 
with the states as both vessels are underway or any one is stationary. 
 
3. RESULTS AND DISCUSSION 
 
The means and standard deviations (S.D.) of the explanatory variables used in the model 
are presented in Table I along with the estimated regression coefficients and corresponding 
standard errors (S.E.). The model is tested against the global null hypothesis by using a 
likelihood ratio (LR) test (Snijders and Bosker, 1999). The LR statistics is found as 87.43, 
which is well above the critical value of 30.14 at significance level of 0.05 for 19 degrees of 
freedom, thus rejecting the hypothesis. 
To test the appropriateness of the HBLM for the dataset used, the between-conflict 
variance is found to be 5.07 (see Table I). Thus, the variance at level-2 accounted for 60.7% 
of total variance, which strongly suggests the appropriateness of the HBLM for the analyzed 
dataset. If an OBLM was used instead, the model estimates will be biased and inaccurate. 
In interpreting the regression coefficients, the exponential of the coefficient estimates, 
i.e., exp( )ω , are calculated to obtain the odds ratio estimates of the explanatory variables 
(see Table I). The odds ratios provide a basic interpretation for the magnitude of coefficient 
estimates: if an odds ratio is less than 1.0, a unit increase in a variable will reduce the odds 
of serious conflicts by a multiplicative effect of exp( )ω  and vice versa. In case of categorical 
variables, the odds ratios are expressed with respect to a reference category. Statistical 
significance of the estimated coefficients or the odds ratios are tested by using the z-test. 
The significant variables of the model are discussed in the subsequent sections. 
 
Vessel Attributes 
Medium size vessels (2500-12000 GT and 12000-20000 GT) are found to be significantly 
associated with low-risk conflicts, in comparison with the small size vessels (GT<2500). In 
other words, the small size vessels are identified to be associated with serious conflicts. 
Compared to vessels of 2500-12000 GT, the small size vessels have 2.91 times higher odds 
of being involved in serious conflicts, whereas in comparison with vessels of 12000-20000 
GT the odds increase by 243.6%. The reason of observing the small size vessels to have 
higher odds of being involved in serious conflicts could be having higher flexibility in speed 
adjustment and course alteration, for which these vessels could navigate closer to others 
before taking any evasive actions. 
Results show that the vessels of LOA smaller than 50 meters are significantly 
associated with higher likelihood of serious conflicts, in contrast to vessels of 50-150 meters 
LOA. The small size vessels are found to have 1.73 times higher odds of being involved in 
serious conflicts. This result is generally acceptable as the larger vessels have lesser 
maneuverability. 
Table I Summary statistics of explanatory variables and HBLM estimates 
 
Covariates 
Summary statistics Effect estimates 
Odds ratio 
Mean S. D. Coef. S. E. 
Vessel Attributes      
   Gross Tonnage (GT)c      
      <2500a 0.388 0.487   1.0 
      2500-12000 0.300 0.458 -1.067* 0.346 0.344 
      12000-20000 0.099 0.299 -1.234* 0.491 0.291 
      20000-75000 0.189 0.392 -0.972 1.103 0.378 
      >75000 0.024 0.154 -0.852 1.506 0.427 
   Length Overall (LOA) in metersc      
      <50a 0.067 0.250   1.0 
      50-150 0.617 0.486 -0.549* 0.239 0.577 
      150-250 0.272 0.445 -0.673 1.078 0.510 
      >250 0.044 0.205 -0.138 1.382 0.872 
   Draft in metersc      
      <5a 0.396 0.489   1.0 
      5-10 0.495 0.500 0.600* 0.310 1.822 
      >10 0.109 0.312 -0.282 0.614 0.755 
   Speed at Critical conflict point in Knotsc      
      0 (stationary ship)a 0.406 0.491   1.0 
      >0-<5 0.166 0.372 0.345* 0.159 1.413 
      5-12 0.382 0.486 -0.865* 0.332 0.421 
      >=12 0.045 0.208 -0.583 0.685 0.558 
Vessel underwayb 0.187 0.390 0.911* 0.292 2.488 
Conflict Locationc      
   Fairway 0.504 0.500 -0.091* 0.046 0.913 
   Anchorage 0.372 0.483   1.0 
   Intersection 0.123 0.329 1.821* 0.722 6.176 
Traffic characteristics      
   Dynamic ship density (ships/sq NM) 2.052 0.984 -0.062 0.137 0.940 
   Stationary ship density (ships/sq NM) 2.619 2.379 0.018 0.084 1.018 
   Operating speed (Knots) 4.416 2.450 0.249* 0.118 1.283 
Time variable      
   Timed 0.412 0.492 0.667* 0.081 1.948 
Model statistics      
   Intercept   -7.785 0.663  
   No of Observations 73854     
   LL (null) -612.7     
   LL (model) -569.0     
   Likelihood ratio statistics (G2) 87.43 (19 df)    
   Random effects      
      Between-conflict variance 5.07     
      Within-conflict variance 3.29     
      ICC 0.607     
a: reference category; b: 1 if both underway, 0 otherwise; c: (for all categorical variables) 1 if yes, 0 otherwise; d: 1 if night, 0 if day; * significant at 
95% confidence level 
 
 
Vessels are classified to three categories (see Table I) based on their acting draft, 
i.e., the observed draft while conflicted. The vessels of 5-10 meters draft are found to hold 
1.82 times higher odds of being involved in serious conflicts, compared to vessels of draft 
lower than 5 meters. From the above findings, it is observed that the small size vessels that 
possess larger draft, i.e., loaded during transportation, are likely to be involved in serious 
conflicts. 
Vessel speed is measured in terms of the speed over ground at the critical point in a 
conflict. Compared with stationary vessels (i.e., anchored/berthed), vessels travelling at 
speeds lower than 5 Knots are found to have 1.41 times higher odds of serious conflicts. In 
addition, the odds ratio for the vessels travelling at speeds of 5-12 Knots is found as 0.421, 
implying that these vessels are less likely to be involved in serious conflicts in comparison 
with the reference category vessels. Since the speeds are measured at the critical conflict 
points, it would be reasonable to obtain such results as vessels usually mitigate conflicts by 
slacking speed or altering course or both together, thus their observed speeds at critical 
conflict points could be the slackened speeds. 
 
Vessel underway 
Conflicts involving a pair of dynamic vessels are significantly found to be of high severity. 
The odds of serious conflicts increases by 148.8% in conflicts involving a pair of dynamic 
vessels, compared to conflicts involving a stationary vessel, may be due to the higher 
degree of dynamics involved. 
 
Conflict location 
Compared with anchorages, the odds of serious conflicts in traffic intersections are found to 
be increased by 517.6%. In fairways, the odds are found to be decreased (odds ratio = 
0.913). In other words, the odds of serious conflicts at anchorages are 1.1 times of the odds 
for fairways. Therefore, the likelihood of serious conflicts at anchorages is slightly higher 
than that at fairways, and this likelihood at intersections is much higher, compared to 
anchorages. It is generally expected because traffic interactions at anchorages and 
intersections are more complicated, compared to fairways. Usually vessels navigating at 
anchorages or at intersections have more varied headings to mitigate potential collisions. 
Furthermore, it is likely to observe higher likelihood of serious conflicts at intersections 
because of frequent cross traffic interactions. 
 
Traffic Characteristics 
Among the variables used to represent traffic characteristics of conflict locations, operating 
speed of waterways is found to be significantly associated with higher likelihood of serious 
conflicts. Results show that for a unit increment in operating speed, the odds of serious 
conflicts increases by 28.3%. As found earlier, the small size vessels (usually faster moving) 
have higher likelihood of being involved in serious conflicts, thus supporting this finding. 
Moreover, pilots get lesser time to perceive and mitigate risk while the operating speed is 
higher, which could increase the conflict severity. 
 
Time Effects 
Results show that the odds of serious conflicts in night increase by 94.8 %, compared to 
day. This could be because during the day the speeds, distances between vessels and even 
any change of courses can be judged readily than in the night. In night, pilots need to rely on 
navigational aids (e.g., radar, navigational lights), which makes the risk perception and 
mitigation process difficult. Furthermore, naturally visibility deteriorates in night which could 
hinder the watchkeeping process leading to confusions in navigation. Effectiveness of 
navigational lights can be reduced in night due to bright background lights at shore and 
nearby islands (Akten, 2004; C.-P. Liu et al., 2006) 
 
4. CONCLUSION 
 
This study provides valuable insights into the characteristics of port water collision risk with 
regard to vessels involved, conflict locations, traffic and kinematic conditions. Quantitatively 
measured navigational conflicts are used to represent such risks as serious conflicts and 
low-risk conflicts. A hierarchical binomial logit model is employed to evaluate the association 
of the explanatory variables with the conflict severity levels. This model is helpful to account 
for the correlation of vessels involved in same conflicts. 
Model estimates furnishes statistically significant evidence that loaded vessels of 
small gross tonnage or small length overall are most likely to be involved in serious conflicts. 
The probability of serious conflicts also increases at locations where vessels have more 
varied headings, such as traffic intersections and anchorages; becoming more critical at 
night time. Findings from this research should assist both navigators operating in port waters 
as well as port authorities overseeing navigational management by providing proper 
attention to the vessel categories that are likely to be involved in serious conflicts. This study 
also suggested that by applying the traffic conflict technique, navigational safety could be 
assessed in an efficient and quick manner. Future research efforts on this promising 
research arena are necessary to make it rigorous and more efficient. 
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